We investigated various problems concerning the accuracy of the radiosonde which we designed and constructed on the principles described in our previous paper. (1) In temperature measurement the position of the thermometer in the ventilator of the radiosonde is important because the heating effect of solar radiation upon the wall of the ventilator affects the temperature indication of the thermometer. The optimum position does not always coincide with the position of the highest air velocity. The effect of insolation on the temperature measurement is not remarkable up to the height of tropopause. The comparison of this type of radiosonde with U. S. A. radiosonde shows that there exists no systematic deviation of observed values between them.
Introduction
In recent years, radiosondes of various types (1)- (11) have been ccnstructed, and some of them are now in use for the routine upper air observations; in U. S. A. the variable-low-frequency type, in U. S. S. R. the code-sending type, in Finland and Germany the variable-radio-frequecy type etc. In Japan, untill January 1949, the variable-radio-frequency type had been used. Each type of the radiosonde has its own merits and demerits.
The variable-radio-frequency type and the code-sending type needs no particular equipment such as low frequency meter or automatic recorder, but only radio receivers for the receiving ground equipment, and for he latter an ordinary radio receiver.
On the other hand, variable-low-frequency type excels others in that the measurement can be done purely electrically and that it facilitates automatic receiving. As to the accuracy of the measurement , there still remains many problems in any type of the radiosondes. The variable radio-frequency type radiosonde (CMO-43) which had been used in Japan excels in the simplicity of its construction, but it needs two men for receiving and comparatively broad hand of radio-frequency.
It is difficult to adopt automatic recorder for receiving . CMO 43 type radiosonde has two radio-frequency oscillators for temperature and humidity measurement, the condenser in the tank circuit of the former consists of a thallium-mercury in glass thermometer and metal cap on it and that of the latter is a variable air condenser controlled by a hair hygrometer . ture measurement, the above mentioned mercury freezing thermometer was used. Attempts to eliminate the temperature coefficient of the frequency circuits have been done. As the cause of the frequency change, however, is very complicated, the complete elimination of the unfavourable frequency change is very difficult. So we tried to devise a new type of radiosonde which is simple in construction and with which reliable aerological observation can be done. The radiosonde that we designed and constructed was described in our previous paper. It has been inused for routine aerological observation in Japan since February 1949, and has been found much superior in accuracy to the variable-radio-frequency type radiosonde which had been used up to that time. In this paper, the improvement and the accuracy of our radiosonde will be described.
The Construction
The principle and structure of our code-sending type radiosonde were described in our previous paper. Here, we shall make a brief mention of them.
Each of the indicating needles of meteorological elements pressure, temperature,
Code generating cytinde humidity and intensity of sunshine,(a) comes into contact with the surface of a code generating cylinder successively. The code generating cylinder is driven by a small electric motor (4volts, 8OmA) anl rotates at the speed of about 20 revolutions per minute.
In the case of type I,() the surface of the cylinder which is made of metal plate is lacquered 19aving the code porlion unlacquered (Fig.2B ). In the case of type II('),the cylinder is made of laminated thin bakelite and metal plates (0.4 and 0.1 in thickness respectively).0) Each of the metal plates which are insulated from each other by the bakelite plates is connected to one of the seven brushes which generates a code. When one of the needles comes into contact with the surface of the cylinder, its tip falls into the gap between .two metal plates and a code which corresponds to the metal plate of the two which generates longer code. The number of code used for the whole pressure range is about 120, that for the temperature range from 40°C to -80°C is about 130, and that for humidity is about 40. So, for instance, the code of temperature changes at every 0.8°C--1.0°C change of temperature.
a. The radiosonde which is 113W in use in routine observation has not this element.
b. This is used in the name of CMO-50 M for the routine observation.
c. This i used in the name of CMO-50 L.
d. See' Flg. 3. The calibration of temperature, for instance, is made at the temperature of several points in the whole range, dipping the bimetal of the transmitter into a constant temperature bath. In order to check the temperature measurement, two mercury thermometer switches which operate at about -30°C and -50°C and open the code-sending circuit of humidity and the cycle end signals are used.0)
The radio transmitter (402 MC) is keyed by the code generating mechanism mentioned above. The plate voltage is supplied by a buzzer-transformer.
• The weight of the whole transmitter including the code generating mechanism, radio-transmitter, and a battery (4Volts) is about 703gr. The receiving can be made by either an ear phone or automatic recorder described in our previous paper.
The Accuracy of Measurement
The accuracy of measurement with this radiosonde depends neither on circuit constants as in the case of the variable radio-or audio-frequency type, nor on the revolution of the cylinder as in the case of 011and type radiosondes.
So, correction as to the change of circuit constants or the change of the speed of the revolution of the cylinder is not necessary.
No error due to the friction between the indicating needles and the code generating cylinder or the commutatpr exists in this radiosonde, for the needle contacts with the cylinder during only one fifth or fourth of the time interval of the cycle and is free from friction.
Thus the accuracy depends on
(1) error which comes from interpolation, (2) the accuracy of bimetal thermometer, aneroid barometer and hair hygrometer, (3) the ventilation for the thermometer and hygrometer, and (4) the effect of insolation upon thermometer. As to (2) to (4), some discussion will be made in the following paragraphs. It is believed that the accuracy of the code-sending type radiosonde is restricted because the finite intervals of the value of the quantities to be measured corresponds (13) to a code. This restriction is not peculiar to the radiosonde of this type. In the case of variable radio frequeucy type radiosonde, the frequency is measured, for instance, at every 30 seconds, the interval of temperature measured is about 1°C , assuming the temperature lapse rate as 0.6°C and ascending velocity of the balloon as 300 m/min.
When the lapse rate or the ascending velocity is larger than this, the interval becomes larger. In addition, the frequency stability of the transmitter and the accuracy of determination of the frequency restrict the accuracy. The circumstances are similar in the case of 011and type radiosonde. In radiosonde observations, the quantities to be measured change in their values with time, and the error due to the interpolation does not exceed about half of the interval or breadth of a code. The worst case ocurrs when the temperature remains constant at the center of a code.
This does not occurr in practice, as the temperature intervals, for instance, are 0.3°C to 1°C. A year's experience of routine observation with this radiosonde has fulfilled this expectation, and more detailed temperature distributions with height could be observed with this radiosonde than with variableradio-frequency type radiosonde. In pressure and humidity measurements we have less apprehensions than the above, because the pressure decrease with the ascent of the radiosonde is more uniform and errors of humidity are comparable to the breadth of one code. As the same code repeats several times, mistakes in receiving of codes seldom occurr even when the signals received are faint.
Accuracy of Pressure Measurement
In order to determine the height exactly, pressure should be measured accurately.
Though the ascending velocity of a balloon is generally constant, it is not exempt from some variation.
For in the course of its ascent the balloon sometimes happens to repeat falling and rising due to some unascertainable cause (perhaps due to heavy rain or vertical air current In fig. 4 an example of temperature characteristics of a capsule made from German silber is shown. In fig. 5 the value of correction which must be made to the measured pressure values are shown.
In actual flights, the temperature of capsules is higher than that of ,the air surrounding it, so correction should be made using the temperature of the capsule.
The correction value must be checked by the flight tests, comparing the height calculated from measured pressure and temperature values with that determined by means of double theodolite observations. Detailed discussion will be devoted to this problem in another paper.
Accuracy of Temerature Measurement
In the measurement of upper air temperature, the time lag of the thermometer and the effect of solarisation upon it are very important. Although many investigators discussed these problems, they are not yet settled.
If we denote by 0 the temperature indicated by a thermometer and by T air
where X is a constant which is called the time lag coefficient of .the thermometer.
If 4=40 at 1=0 and T=const, • 4=4oe-'IA .
The time lag coefficient A, depends on the heat capacity k, the surface area F, and the rate of heat transfer from the surface.
The rate of heat transfer depends upon the velocity of air current along the thermometer and upon air density. A.
de Quervin ( 14) showed from the results of experiments that a is given by C. M. 0., an improvement of the ventilator of the radiosonde has been made. We made experiments on the ventilator of the shape shown in fig. 6 and measured the time lag constant of a small mercury thermometer at the positions indicated in the figure.
We, at first, kept the ventilator with the thermometer at one of the positions at a constant temperature (about 20°C) and then put it into the low temperature wind tunnel at the temperature of -25°C---35°C and observed the change of the indication of the thermometer.
In fig. 7 the contours of equal time lag constant (in sec) are shown. These results show that the time lag constant varies delicately with the position of the thermometer in the ventilator, and that it is small at the inlet and near the bottom of the ventilator. This is certainly due to the distribution of air velocity in the ventilator and to the fact that air is fresh at the inlet and near the bottom.
This fact was confirmed by the following experiments.
A radiosonde transmitter in its flight recieves the direct solar radiation.
As a result, the temperature of wall of the ventilator is raised considerably above the temperature of air in the free atmosphere. The experiments on the cover made of white corrugated paper and aluminium plate shows that this temperature difference exeeds 4.5°C. In order to see the effect of this heating upon the thermometer, we wound nichrome wire around the outer surface of the ventilator and heated it with electric current up to the temperature several degrees higher than that of air in the wind tunnel, setting the whole radiosonde transmitter in the wind tunnel.
And then the temperature distribution of air in the ventilator was measured with thermocouples.
The result is shown in fig 8 . In the figures the temperature distribution in the ventilator is given; the figures indicate the temperature difference between the air and the wall. From these experiments the following conclusion will be deduced.
Although the time lag coefficient will be reduced , if the air velocity increases, this is not sufficient for temperature measurement . Increase of air velocity by converging the air stream brings sometimes bad effect when the air streams along the heated wall of ventilator to the region where the thermometer is set. The thermometer, therefore, should be at the inlet or near the bottom of the ventilator in our case, protecting it from the influences of solar radiation and rain. The cooling curve of the bimetal thermometer ( fig. 9) is not exponential. This is due to the heat transfer through the supporter between the bimetal and the body of the transmitter, which has a large time lag coefficient. The each curve indicates that it is the superposition of two exponential curves 6,/41, and elx2. X1 is the lag coefficient of bimetal and X2 depends on the time lag of the transmitter body and heat conductivity of the suppoter. X1 is about 7 sec and A2 is about 60 sec.
It is the latter that may bring an error larger than 1°C in temperature measurement. In order to avoid this error, we took much care in heat insulation of bimetal from the transmitter body and increasing the cooling effect of the air on the supporter.
In practical flights of the radiosonde, circumstances are complicated and we should take into account the effect of (1) 
